ABSTRACT TRIBBY, ILSE I. E. (University of Chicago, Chicago, 111.), AND JAMES W. MOULDER. Availability of bases and nucleosides as precursors of nucleic acids in L cells and in the agent of meningopneumonitis. J. Bacteriol. 91:2362Bacteriol. 91: -2367Bacteriol. 91: . 1966.-Uninfected L cells and the meningopneumonitis agent propagated in L cells utilized exogenous adenine, guanine, and their ribonucleosides and deoxyribonucleosides for synthesis of both deoxyribonucleic acid (DNA) and ribonucleic acid. Cytosine, cytidine, and uridine were also incorporated into the nucleic acids of both host and parasite. L cells and the meningopneu.monitis agent incorporated uracil, thymine, and deoxyuridine very poorly. L cells utilized thymidine and deoxycytidine almost exclusively for DNA synthesis, but the meningopneu.monitis agent did not incorporate these nucleosides at all. Since the L cell had previously been shown to convert added thymidine to its nucleotides, mainly the triphosphate, it was concluded that the meningopneu.monitis agent can utilize neither the thymidine nor the thymidine nucleotides of the L-cell pool, and that it can probably synthesize the thymidine triphosphate needed for DNA synthesis from the uridine of the L-cell pool.
Pelc and Crocker (16) first observed that exogenous thymidine was not incorporated into the deoxyribonucleic acid (DNA) of psittacosis group organisms growing in cell cultures, although it was readily incorporated into the DNA of host cell nuclei. This finding was confirmed in several host cell-psittacosis agent systems by autoradiography (4, 17, 23) and by isolation of the agent from labeled infected cells (21) .
The unusual exclusion of exogenous thymidine from the DNA of the psittacosis group was investigated in more detail by determining the availability of the nine nucleosides and five nitrogen bases commonly found in nucleic acids for the synthesis of ribonucleic acid (RNA) and DNA by an agent of the psittacosis group and by its host cell. Each tritium-labeled nucleoside or base was added to L-cell suspensions, uninfected and infected with the agent of meningopneumonitis. After a suitable period of meningopneumonitis multiplication, the incorporation of the labeled precursor into the RNA and DNA of both the L cell and the meningopneumonitis agent was determined.
MATERIALS AND METHODS
L-cell cultures. Strain L cells (6, 20) obtained from H. M. Jenkin (University of Washington, Seattle) were cloned by one of us (I. I. E. T.), and a single subline designated clone 5b was used in all experiments. L cells were propagated as described by Schechter (21) in monolayer and suspension cultures in medium 199 (12) it was never less than 50%.
The L-cell suspensions were incubated at 37 C, and 15 hr later 500 uc of a tritium-labeled nucleoside or base was added to each 100-ml suspension. The concentration of the labeled bases was 2 X 10-6 M, and that of the labeled nucleosides was 2 X 10-5 M. Approximately 44 hr after infection, at the completion of the meningopneumonitis developmental cycle (21) , the L cells were sedimented by centrifuging at 150 X g for 10 min. The supernatant fluids from infected cultures were used for purification of the meningopneumonitis agent; those from uninfected cultures were discarded. The L cells were washed twice in 0.15 M NaCl containing 10-4 M unlabeled nucleoside or base as carrier. Then each cell population was resuspended in 10 ml of 0.15 M NaCl and used for determination of incorporation of the isotope into whole cells and DNA and RNA for uninfected cells, and into whole cells only for infected ones.
Purification of labeled meningopneumonitis agent. Supernatant fluids of 44-hr infected L-cell cultures contained 107 to 108 chick embryo yolk saC LD50 of the meningopneumonitis agent as determined by the single dilution method of Golub (7). They were centrifuged for 30 min at 12,000 X g and 0 C. The sedimented agent was suspended in 20 ml of 2%'o ammonium acetate containing carrier nucleoside or base, centrifuged down, and resuspended in 20 ml of 2% ammonium acetate-carrier solution. This washing was repeated twice. Then the agent was suspended in 10 ml of 2% ammonium acetate containing 0.5 mg/ml of crystalline trypsin (Worthington Biochemical Corp., Freehold, N.J.) and incubated for 30 min at 37 C. The trypsin-treated agent was washed once in 20 ml of 2% ammonium acetate and then suspended in 10 ml of 2% ammonium acetate containing 0.25 mg ml each of crystalline pancreatic ribonuclease and deoxyribonuclease (Worthington Biochemical Corp.) and 0.05 M MgSO4. After 30 min at 37 C, the meningopneumonitis agent was sedimented and washed once as already described. The purified agent was finally suspended in 5 ml of 2% ammonium acetate. Such suspensions contained 107-5 to 108 5 LD50/ml and had protein contents (10) of 45 to 150 mAg/ml. An electron micrograph of a typical purified meningopneumonitis suspension is shown in Fig. 1 . Such suspensions consisted almost entirely of the small, mature cell type. Host-cell debris was not visible.
Anialytical methods. Uninfected and infected L cells and purified meningopneumonitis agent were separated into RNA and DNA fractions by the method of Schmidt and Thannhauser as described by Volkin and Cohn (25) . Samples (l-ml) of whole L cells or RNA and DNA fractions were mixed with 15 ml of Bray's (1) scintillation mixture and counted in a Packard Tri-Carb liquid spectrometer at a gain setting of 50% and with an efficiency of 15%. Use of an external standardization system indicated that quenching was negligible in all samples. The counting errors were less than 5% except in samples of minimal isotopic content.
Tritium-labeled bases and nucleosides were obtained from Volk Radiochemical Co., Skokie, Ill., Schwarz Bio Research Inc., Orangeburg, N.Y., and New England Nuclear Corp., Boston, Mass. Table 1 shows the availability of H3-uridine as a precursor of the nucleic acids of uninfected and infected L cells and of the meningopneumonitis agent. Its behavior was typical of the nucleosides and bases that were readily incorporated into the DNA and RNA of both L cells and meningopneumonitis agent. To compare the metabolism of 14 potential nucleic acid precursors in many different cell cultures, the incorporation of H3-cytidine was arbitrarily set at 100%,1 and the incorporation of all precursors was expressed as percentages of the cytidine uptake. Cytidine was chosen as the standard of comparison because it was known to be a good DNA and RNA label in both L cells and the meningopneumonitis agent (21) . Table 2 compares the relative efficiency with which the nine nucleosides and five bases commonly found in nucleic acids were incorporated into L-cell and meningopneumonitis DNA and RNA. From the information given in the footnotes of Table 2 , the data for incorporation of uridine given in Table 1 may be converted into the relative uridine incorporation shown in Table 2 . Values for the relative incorporation of all other precursors were calculated in a similar way. In using this method of comparing potential precursors of nucleic acids, we shall ignore many small differences in relative incorporation and shall base our interpretation of the pathways of nucleoside and base metabolism in L cells and the meningopneumonitis agent on a few large differences in behavior among the various labeled intermediates studied.
RESULTS
These experiments were not designed to compare the rates of nucleic acid synthesis in host and parasite. Only a portion of the terminal meningopneu,monitis population was represented in The finial suspension in 2%7o ammonium acetate was deposited oni Formvar-and carbon-coated grids ini a Sharp particle countinig cell (Ivan Sorvall, Inc., Norwich, CoziE.), dried overntight in vacuo, anid shadowed with chr-omium at ani anigle of 150. X 4,100. the purified preparation analyzed, and the size of the meningopneumonitis population was constantly increasing during most of the labeling period. From a different kind of experiment, it has been estimated that, during the period of most active parasite multiplication, the amounts of nucleic acid synthesized by the infected L cell and the meningopneumonitis agent within it are approximately equal (21).
Incorporation of purines and purine nucleosides.
Adenine, guanine, and their ribo-and deoxyribonucleosides were all good precursors of both DNA and RNA in the uninfected L cell and in the meningopneumonitis agent. Adenine and its nucleosides were more efficiently utilized by the L cell than were guanine and its nucleosides. Differences in utilization by the meningopneumonitis agent were of doubtful significance. With the exception of adenosine, which contributed relatively more label to L-cell and meningopneumonitis DNA than any other precursor tested, these intermediates consistently contributed two to three times as much label to RNA as to DNA in both L cells and the meningopneumonitis agent. L cells have more than twice as much RNA as DNA (22) , whereas meningopneumonitis preparations such as those used here contain equal amounts of the two nucleic acids (24) .
Incorporation of pyrimidines and pyrimidine ribonucleosides. Cytidine and uridine behaved almost identically. Both nucleosides were good nucleic acid precursors in the L cell and in the meningopneumonitis agent, and both labeled RNA two to three times more heavily than DNA. Cytosine labeled nucleic acid less efficiently than cytidine. Uracil and thymine were very poor * This L cell culture contained a total of 108 cells and incorporated 28%o of the added H3-cytidine.
The per cent incorporation of other intermediates in other L-cell cultures was calculated, adjusted for slight differences in L-cell count, and expressed as the percentages of the H3-cytidine incorporation. t This L-cell culture also contained a total of 108 cells and incorporated 28%7 of the added H3-cytidine (the exact agreement between the two cytidine-containing cultures was fortuitous). Incorporation of other intermediates was expressed as for uninfected cultures.
t The infected L-cell culture labeled with H3-cytidine yielded a preparation of purified meningopneumonitis agent which contained 720 lAg of protein and 1.1%7o of the added label. The per cent incorporation of other intermediates into the meningopneumonitis agent was calculated by correcting for differences in amount of agent protein isolated and expressing the incorporation as the percentage of that obtained with H3-cytidine. Adenine, guanine, and their ribo-and deoxyribonucleosides were freely available for the synthesis of both DNA and RNA in the L cell and in the meningopneumonitis agent, as were cytidine and uridine. Of the free pyrimidines, only cytosine was significantly incorporated into the nucleic acids of either host or parasite. The L cell utilized thymidine and deoxycytidine almost exclusively for the synthesis of DNA. All of these observations are in accord with many previous investigations on the precursors of nucleic acids (2, 8) .
Neither the L cell nor the meningopneumonitis agent utilized exogenous deoxyuridine for synthesis of either the DNA or RNA. Information on the fate of added deoxyuridine in other cells is meager. In rats, this nucleoside was incorporated into the thymine of DNA (19) . It (11) . The present data allow no conclusions as to the availability of other nucleotides of the host pool for synthesis of nucleic acids in the meningopneumonitis agent. However, they are sufficient to make untenable the hypothesis (13, 14) that members of the psittacosis group make their nucleic acids from the nucleoside triphosphates of their hosts.
